ABSTRACT. The hypothalamic-pituitary-adrenal asis is hyporesponsive to stimuli during early life in the rat. Once the adrenocortical response is established, failure to terminate the corticosterone (B) rise is evident after certain stressors, such a s ether. The purpose of this study was 2-fold: I ) to investigate the B and ACTH response to ether vapor in young animals and 2) to test the ability of glucocorticoids to inhibit the ether ACTII-stimulated secretion in weanling animals. Rats aged 14, 18, and 25 d and adult rats were subjected to ether vapor for 3 min. Plasma was collected for B and ACTII determination by RIA at 0, 5, 15,30,60, and 120 rnin after ether esposure. hlasimum B levels were observed at different times after esposure: 15 rnin in the adult and 30 min in the younger animals. In addition, B levels were significantly elevated at 60 min in conclude that in the weanling rat the inability to rapidly terminate the adrenocortical response after ether vapor results from a combination of adrenal and pituitary and/or brain factors that result in decreased responsiveness to negative feedback even when the rate of steroid is high. Thus, the weaning period represents a distinct phase of the organization of the rat developing stress asis. (Pediatr Res 34: [646][647][648][649][650][651][652][653] 1993) 
conclude that in the weanling rat the inability to rapidly terminate the adrenocortical response after ether vapor results from a combination of adrenal and pituitary and/or brain factors that result in decreased responsiveness to negative feedback even when the rate of steroid is high. Thus, the weaning period represents a distinct phase of the organization of the rat developing stress asis. (Pediatr Res 34: 646-653, 1993) The LHPA axis consists of limbic structures, particularly the hippocampus, modulating the hypothalamic secretagogues, such as CRH and vasopressin, which in turn control the secretion of ACTH from the anterior pituitary corticotrophs. ACTH stimulates synthesis and secretion of eorticosteroids from the adrenal cortex. These potent glucocorticoid hormones then affect numerous functions, including mobilization of energy substrates, increase of cardiovascular tone, and potentiation of the release of catecholamines ( 1, 2). However, prolonged steroid exposure is also linked to detrimental effects such as neuronal death. inhibition of growth, and immune and inflammatory responses (2, 3) . Therefore . an important component of the LHPA is the glucocorticoid negative feedback that "turns off' the adrenocortical response. This glucocorticoid inhibition is partly achieved by the binding of glucocorticoids to specific cytoplasmic rcceptors in the hypothalamus and pituitary. where they inhibit CRH and ACTH secretion (4). Additional modulation is cxerted by extrahypothalamic sites, especially the hippocampus, which expresses high concentrations of glucocorticoid and mineralocorticoid receptors and has neuronal connections with the hypothalamic CRH neurons (5-7). Thus, the system is intricately controlled via neuronal and hormonal feedback mechanisms to produce optimal responses allowing the organism to deal with various physiologic and environmental events swiftly and adaptivcly.
Unlike the adult rat, the developing animal appears to have difiiculty with both the activation and inhibition of the stress response (3, 8, 9) . Spccifically, in the early postnatal period the adrenocortical response is reduced. This SHRP bcgins on the 2nd postnatal d and continues until about 2 wk of life (3). The exact duration and the extent of the steroid response varies with the stimuli (9, 10) . In general, a gradual ACTH and B response to stressors appears after d I0 and is well established to an adult level by weaning age (21-25 d old) (3) . Once the activation of the system is considered operational, the glucocorticoid negative feedback regulation is described as immature to certain stressors.
For example, Goldman cr (11. (8) have shown that, compared GLUCOCORTlCOlD FEEDB ACK A N D DEVELOPPIIENT 647 with the adult animal, the weanling animal has a latc, robust B peak but a slower return to resting B levels after cxposure to cthcr vapor and foot shock. This has Icd to the notion that. in the weanling animal, the glucocorticoid suppression ofthe LHPA axis remains immature and continues to develop during the postwcaning period (3, 8) . If this notion is correct, it then becomes important to test in the developing animal the adequacy of those key elements that have provcn to bc essential for the rapid inhibition of ACTH secretion by B in the adult rat.
Studies pcrformcd in the adult rat conclude that B suppression of ACTH secretion is divided in at least three time domains: fast. intermediate. and dclayed. Fast fecdback occurs withir 30 min of the stress; intermediate and delayed feedback are cvidcnt over a longer time frame. hours to days. Fast fecdback is unique in that it occurs immediately during periods of increasing B concentration ( 1 1). only with 21-hydroxyl and I I-fi-hydroxyl steroid groups (B and F) (1 2. 13), and the effect is on stimulated CRH and ACTH rcleasc rather than biosynthcsis of these peptides ( 1 I , 14 ) . It has been suggested that the mechanism by which fast feedback operates may be linked to hippocampal ncurons leading to the hypothalamus. These ncurons arc rich in glucocorticoid and mincralocortieoid receptors (both of which bind B), and removal of the hippocampal structure (1 5) or the reduction of B binding sites (5, (16) (17) (18) results in an increased LHPA activity and B hypcrsccrction.
B hypcrseeretion in the weanling animal, seen aftcr the exposure to ether vapor. supports the notion of an impaired fast feedback mechanism. However. Goldman cJt (i/. (8) did not measure plasma ACTH levels and did not assess the B inhibition of pituitary ACTH directly. Therefore, only indirect evidence of an impaired fast feedback after ether stress is present in this age group. Greater detail of the pituitary and adrenal rcsponsc is necessary before an understanding of the underlying impairment in the feedback nlcchanism is pursued. In the present study, we sought direct evidence for an immature negative fecdback inhibition in the weanling animal after cxposure to cther vapor. For this purpose, we compared the ACTH and B responsc to ether vapor in the developing weanling and adult animal. Specifically. we addressed the following questions: I ) Does a dclayed ACTH rcsponsc explain the latc B peak and subsequent elevated levels in the wcanling animal? 2 ) Is the 25-d-old animal adrenocortical response unable to inhibit ACTH secretion once the cther stress responsc is initiated? and 3) If the latter is true, docs exogenous administration of a glueocorticoid inhibit the ACTH rcsponsc to ether stress in the weanling animal? The results suggest that after ether exposure a dclayed rcsponse occurs at the adrenal level and the prolonged B elevation can. in part. bc explained by a sustained ACTH rcsponse and by adrenal factors. When the adrenal factors are eliminated by the administration of glucocorticoids before ether exposure, ACTH secretion is suppressed. However, this suppression is less efficient than that which is achieved by the adult animal. Pregnant rats had free access to food and water and were kept on a 14 h light. 10 h dark cycle. Vaginal plugs marked the first day of pregnancy. On the day of delivery, which was considered d 1 of life, the litters ivere reduced to 12 pups and wcrc left undisturbed until the day of cxperirnentation. Those pups that wcre going to be used as the 25-d-old experimental and control groups werc removed from their mother on d 2 1 of life and grouped six animals per homc cage. Adult males (65 d old) were also obtained from our breeding facilities and from Charles Rivcr. In an initial pilot cxpcriment. adult animals bred in our facilities and animals obtained directly from the vendor and allowed to rest for 2 wk werc exposed to cther vapor. ACTH and B responses from these t~v o animal sources werc compared and were found to have identical B profiles. The ACTH inhibition by F was also found to bc similar. Therefore, adult males obtained from Charles River \vcrc used for comparison in all cxpcrimcnts. They \vcre allo\ved to rcst for 2 wk before the experimcnt and wcre housed three animals per homc cage with free aeecss to food and water. All cxpcriments were carried out in the morning. between 0800 and l I00 h. S/ltr/ic~.s. Pit rritriql crtld (rc/rc~t~oc~or?id rcsl)otl.scl 1 0 c~rlrc~r \<til)or.
Animals aged 14. 18 , and 25 d tvere removed from their home cage in groups of six (as thcy \\#ere housed in groups of six) and adults were removcd in groups of three (as thcy were houscd in groups of three). They were transferred to an adjacent experimental room and were immediately placed in a glass jar eontaining gauzes saturated with ether below a wire mesh platform. The animals wcrc maintained in the closed container for 3 min, sufficient timc to anesthetize all the animals in the jar (six young aninlals or three adult animals). They wcrc then returned to a plastic cage, similar to their homc cage, where the pups ~verc mixed to randomize the litters for each time point studied. All aninlals wcrc killcd by rapid decapitation at 5, 15. 30. 60 . or I20 min after being placed in the container. Trunk blood was collcctcd in chilled tubes containing EDTA for subsequent plasma B and ACTH determination. In addition. eight previously unhandled animals of each age were also killed for an estimation of resting ACTH and I3 levels (timc 0 min control group). Six animals of each age were sampled for every other time point.
A second experiment tvas performed in 25-d-old animals under the same conditions as above; however, the 25-d-old animals werc killed 5. 10, 15, 30, 40. 50. 60 , and 120 nlin aftcr cther exposure. Trunk blood was collected as before in EDTA-containing tubes for plasma ACTI-I determination. Six animals of cach age were sanlpled at each timc point. Eight unhandled animals \vere also killed to estimate basal ACT11 and B level (control group).
(i/rtc~ocor/ic~oie/ c://ilc.t o t~ pi/lti/rrrj3 r~J.spotl.sc 1 0 cvlrclr r9(il~or.. The ability of glucocorticoids to inhibit pituitary ACTH secretion in 25-d-old and adult rats was tcsted by administering F solution intraperitoneally at the onset of a 3-min cxposurc to cther vapor. In an initial pilot experiment. two F doses were tested in adult animals: 0.030 mg/kg of body weight and 0.060 mg/kg body weight. The F dose that caused greater than 50% inhibition of ACTH secretion was selected for subscquent experiments. Thercfore. 25-d-old and adult rats wcrc tcsted by administeringcortisol solution 0.060 mg/kg body weight intrapcritoneally at the onset of a 3-min cxposurc to cther vapor (0.2 mL per animal). Salineinjected aninlals were used as controls. Animals werc killed by dccapitation at 5. 15. 30, 40, 60 , or 120 nlin after being placed in the closed ether-containing glass jar. Trunk blood was collected in EDTA-containing tubes for plasma F. B, and ACT11 determination. Six animals of each age were sampled at cach time point. Eight previously unhandlcd animals of cach age \vere also killed for an estimation of resting ACTH and B levels (control group). Two experinlcnts wcrc pcrformcd for the 25-d-old age group. Plasma ACTI~I is mcasurcd by IIIA, which has been described in previous reports (19, 20) . The assay uses ACTHI.24 as standard and a specilie rabbit antibody that recognizes thc middle portion of ACTH (a generous gift of the latc Fernando Estivariz. La Plata. Argentina). It is used at a final concentration of 1 2 0 000. The antibody erossreacts less than 15% with tu melanocytc stimulating hornlone and desaeetyl melanocyte stinlulating hormone and has no erossrcaetivity with ACTH17-39 (corticotrophin-like intermediate lobe peptide). The radioligand is mono 3-['2'I-iodotyrosy123] ACTHl-w (New England Nuclear. Boston, MA 50 Ci/mmol). and a I% charcoal/O.l% dcxtran/10% normal rabbit serum mixture is used for the separation of the bound and unbound phase. The detection limit is 1 x lo-'' mol/L ( I fmol/mL. 4 .541 pg/mL) (intraassay coefficient of variation &2%, interassay coefficient of variation +3%).
Pla.srllu B as.sajJ. Plasma B is measured by RIA using a method adapted from West el l ul. (2 1). It uses a specific rabbit antibody (B3), a generous gift of the late Fernando Estivariz at a final concentration of 1:4000. The antibody cross-reacts 2.2% with F and less than 1 % with other endogenous steroids. The radioligand is 'H-B (Amersham 50 Ci/mmol), and 1 % charcoal/0. 1 % dextran mixture is used for the separation of the bound and unbound phase. The detection limit is 4.5 x lo-' mol/L (molecular weight = 346.47; detection limit is 1 pg/mL) (intraassay coefficient of variation ?3%, interassay coefficient of variation ?2%).
Pla.sr?lu cortisol ussaj~. Plasma cortisol is measured by RIA using a "Coat-A-Count" RIA kit from Diagnostic Products Corporation (Los Angeles, CA). The kit is designed for the quantitative measurement of human samples using human serumbased standard F concentrations. Therefore, the assay is modified for rat samples using adrenalectomized rat serum with known F concentrations. Under these conditions, 100% of the plasma cortisol and 1.4% of plasma B are detected. The detection limit is 5.5 x lo-' mol/L (molecular weight = 362.47; detection limit is 0.2 pg/dL) (intraassay coefficient of variation +2%, interassay coefficient of variation +5%).
Slatistical At?uljlsis. A two-factor ANOVA and two-factor repeated measure ANOVA were used for the analysis of age and time interactions. Post hoc comparisons of sex and treatment group differences were made with Fisher protected least significant difference (22) . Because sex differences were not present. sex was not considered a variable for the statistical analysis. In addition, I test was performed to compare the ACTH response of adult and 25-d-old animals to ether vapor after administration of F. Values are expressed as mean + SEM.
RESULTS
Rc~spot~sc to elllcr ,'upor. The adrenocortical response to ether vapor of the 14-, IS-, and 25-d-old animals is compared with that of the adult animal in Figure I . The adult animal had its maximal B release 15 rnin after the exposure to ether vapor. All younger animals had a delayed B release. Their maximal release was observed at 30 min, a 15-min delay compared with the adult adrenal response. Note that the 14-d-old animal had a dampened B response to ether with a peak effect substantially lower than all other groups. However, the 14-d-old animal maintained a sustained B release relative to its peak value at 60 min (30 rnin = 100% release; 60 rnin = 85% of peak B level). Thus. although only the 18-and 25-d-old animals show significantly elevated B values at 60 min compared with the adult 60-min time point (I*' = 3.8, p = 0.03), the 14-d-old animal also showed a significant B release and failure to return to basal levels at this time point (F = 15.6, p = 0.0001). Overall, a two-factor ANOVA revealed an age effect (I.'= 14.5 ; p = 0.0001), an effect of time after ether
--. The pituitary response to ether vapor was assessed by measuring plasma ACTH lcvels from these same animals (Fig. 2) . Peak ACTH levels were observed in all ages 5 min aftcr exposure to ether vapor. The extent of the pituitary response differed across ages. The 14-and 18-d-old animals showed a significantly reduced ACTH release compared with the 25-d-old and adult animals ( F = 8.8; p = 0.0001). Note. however, that in spite of the reduced ACTH release in the 18-d-old animal, the B response was comparable to that of the 25-d-old (Figs. 1 and 2) .
Although the 25-d-old rat had a maximal ACTH response equivalent to that of the adult animal, the ACTH level remaincd significantly elevated for a longer period of time. This effect was also seen in the younger animals, which show significantly elevated ACTH values compared with their baseline (Fig. 2 . F = 8.2; p = 0.003 by two-factor repeated measure ANOVA). In fact, the ACTH level was elevated 15 rnin longer in 25-d-old animal compared with the adult (Fig. 2) . The delay to return to resting ACTH level paralleled the time delay obscrvcd for the B release from the adrenal gland, i.c. 30 rnin (Fig. 3) . It can also be seen in Figure 3 that although the increase in B plasma concentrations led to the decrease in plasma ACTH levels in both the adult and 25-d-old animals, the calculated rate of B increase that is observed in the adult is twice the rate of the 25-d-old animal (Table  I, Table I ), yet the ACTH response persisted, to a limited extent. for 30 min.
The adrenal response was also assessed in the 25-d-old and adult animals treated with F before ether exposure (Figs. 4 C a n d 5C). The adult animal had a suppression of B release until 30 rnin after the stressor when plasma ACTH levels start to rise ( Fig. 4B and C, Table 1) . Although there was a markedly blunted pituitary ACTH response to ether vapor in the 25-d-old animal treated with cortisol before the ether exposure, an adrenocortical response was observed by 30 min (Fig. 4B and C, Table 1 ).
DISCUSSION
The present study made use of simultaneous plasma ACTH and B measures to investigate the response to ether vapor in the developing and weanling animal. In addition, we investigated the effectiveness of rising plasma glucocorticoid levels in suppressing the ether-activated ACTH secretion in the 25-d-old animal. We found that in the weanling rat the inability to rapidly terminate the adrenocortical response after ether vapor results from a combination of adrenal factors leading to a slow B rate of increase and pituitary and/or brain devclopment factors that result in decreased responsiveness to negative fcedback even when the rate of glucocorticostcroid is high.
Before the current study, it had been suggested that fast fecdback glucocorticoid inhibition may be immature in the weanling animal, based primarily on prolonged B rcsponse to ether vapor (8). Our B data replicate these previous studies. which showed a n initial delay of the B release and an elevation of levels 60 min after ether. However, the ACTH response to cthcr shows that the 25-d-old animal has a unique pituitary responsc: therefore, both the adrcnal and pituitary components nccd to be vicwcd separately and in combination. Specifically, the ACTH rcsponse to ether vapor is rapid and of the same magnitude as in the adult animal. In contrast. the adrcnal has a slow activation and a delayed. slow increase of plasma B levels. The result is a decreased fast or "rate-dependent" negative feedback that is evidenced by a sustained ACTH secretion followed by a prolonged B rcsponse. However, if the adrenal's ovcrall delayed response to ACTH levels is improved by using glucocorticoid administration, an effective ACTH inhibition appears to take place. However, qualitative differences between the adult mature fast fcedback mechanism and that of the 25-d-old animal are indccd present. It is evident that both adrenal and supraadrenal elements of the hypothalamic-pituitary-adrenal axis in the 25-d-old animal contribute to a less than perfect fast feedback rcsponsc.
The activation of the LHPA axis by cthcr vapor in the dcveloping animal is prompt, but the adrenal has a slow response. The LHPA system of the 14-. 1%. and 25-d-old animals is clearly capable of responding to ether vapor. The response at a11 ages is rapid. not unlike that of the adult animal, which has a peak ACTH response 5 min aftcr the onsct of stress. The ACTH response of the 14-d-old animal is peculiar in that it is lower compared with later agcs and cxhibits a biphasic pattern at 5 min and 30 min after the onsct of stress. This reduced rcsponse and biphasic ACTH pattern is similar to that observed in 5-and 10-d-old animals who are exposed to ether vapor (9) and may in fact. reflect limitations at these agcs of both the pituitary and hypothalamic level of the LHPA axis. Several coinciding events during this period may explain these specific limitations. The expression of both proopiomclanocortin and C R H genes, in the pituitary and paraventricular nucleus of the hypothalamus respectively, is reduced during the first week of life (23) . Hypothalamic argininc vasopressin expression also has a gradual increase after birth and reaches 40% of the adult levels aftcr the 2nd postnatal wk of life (24) . Moreover, the neuronal circuits, which may be important for stimulation and secretion of C R H and arginine vasopressin, are not completely established during this time (25) (26) (27) (28) (29) . In particular, catccholamincrgic innervation of hypothalamic paraventricular neurons occurs progressively during the 1st wk of life and its steepest rise takes placc between d 7 and 14, aftcr which an adult innervation is established (36) . A similar increase of tu and P brain adrenergic receptors is observed during the 2nd wk of life (30. 3 1) . This developmental progrcssion is consistent with our finding that the magnitude of the ACTH rcsponse to cthcr increases steadily with age and is equivalent to the adult rcsponsc in the 25-d-old animal. Interestingly, the elevated response is sustained in the 25-d-old animal and follows a pattcrn of pituitary inhibition that parallels adrcnal rcsponsc.
The adrcnal of developing rats differs from that of the adult animal in that it responds with a specific time course that varies Torul ..ICTII rc1spotlsc ut~ddircocorricoicI rcIrliot~.sliips it1 rlic (idlrlr, 25-(I-olrl, (it?(/ IS-(1-old rrtiit) with age and the specific stressor (9). Overall, the developing adrenal has a delayed B response regardless of the stressor. This appears to be consistent even with potent stressors. such as hypoglycemia. For example, the 24-h-old pup has a robust B secretion 60-90 min after insulin administration (72 1.5 mol/L: 25 pg/dL peak B level) (32). A similar adrenocortical delay is observed in the 10-d-old animal in which B secretion increases to a peak level 60 min after histamine administration (peak B level of 115.44 mol/L; 4 pg/dL) (9). Ether vapor, on the other hand, provokes a small B response between 15 and 60 min after exposure in the 10-d-old animal (9). Goldman ct ul. (8) found that in the 25-d-old animal a peak B response equivalent to that of the adult is observed at 30 min after ethcr vapor. In contrast, the adult B peak is observed 15 rnin after ethcr exposure (8) . Our data are consistent with these findings in all ages tested, i.c. 14-. IS-, and 25-d-old animals. As predicted by others (3, 9) . the adrenal B release progresses to a peak adult response as the animal matures and leaves the SHRP. Ilowcvcr, our data also support the notion that once the SHRP i b surpassed, ether vapor continues to cause a slow adrenal activation and delayed B response prevails in the weanling animal.
Histologic and cytochcmical studies performed on the dcveloping rat adrenal cortex suggest a morphologic basis for the sluggish adrenal response. Morphologic changes in the developing adrenal cortex include organization of cellular zones, increasing cell number, and increasing number and size of the cytoplasmic lipid vacuoles characteristic of steroid-producing cells (33, 34). At birth, only the two cortical zones responsible for mineralocorticoid and glucocorticoid steroid synthesis arc anatomically evident: the glomcrulosa and fasciculata. Gradually, the glomerulosa organizes into round balls and arcs that are characteristic of this adult cortical zone. Mitotic figures are frequent in glands up to 4 wk of age and disappear in 6-wk-old animals. Similarly, cytochemical staining and birefringence, which are characteristic of steroid-producing cells, also increase markedly at 4 wk of age (35) . Small lipid droplets present at birth suggest that the adrenocortical response to stress is rapid at this time. Indeed, neonatal rats, up to 2 d old, have a rapid B rise after numerous stressors, including ether vapor (3.9, 32). A delay in B release is observed after age 5 d. Larger droplets a i~d greater crystal density are present up to 4 wk of agc, which correlate with the delayed B response to stressors that is found after 5 d of age and is evident in our own observations of the 25-d-old animal exposed to ether vapor. It is also possible that the ethcr vapor is noxious to the developing adrenal, thus resulting in longer latency to respond to ACTH compared with the adult animal. However, it is important to note that a delayed adrenocortical response is also evident with other stressors (c.,~. histamine). as described above. Therefore, it appears that a major component of the adrcnal refractoriness to ACTH stimulation observed in the 25-d-old animal may be intrinsic developmental factors unique to the maturation of the adrenal.
Termination of the adrenal response is unique in the devcloping and weanling animal. After the peak B response to ethcr vapor, the 14-, 18-, and 25-d-old rats' corticosterone levels remained elevatcd well beyond the time in which B levels decline in the adult animal, i.c. 60 min. The metabolic clearance of B may be a contributing factor to the elevated B levels observed at this time. T o evaluate this possibility, the B levels were first normalized across ages as a percent of the maximal B rcsponse. Then, the time required for plasma to decrease to 50% of the maximal steroid response was determined. After comparing these results with the ~LI, of plasma B obtained by kinetics studies in which 3H-corticosterone was administered i.v. and the rate of disappearance from plasma was evaluatcd in rats of diflkrcnt ages (36) (37) (38) (39) (40) , it was evident that metabolic clearance docs not account for the elevated B levels found in the animals exposed to ether vapor. Rather, the elevated and sustained nature of the ACTH release observed in the 25-d-old animal appears to prcdict the elevatcd plasma B levels at 60 rnin. This finding alone would point to an impaired h s t feedback mechanism, but because fast feedback is dependent on the adrenocortical response to ACTH. one must consider the delayed adrenal activation and the resulting B rate of incrcase before reaching this conclusion.
Fast feedback is, by definition, a rate-sensitive. rapid inhibitory effect on ACTH secretion that occurs as plasma B levels are increasing ( 1 1, 15, 41) . The degree of inhibition is proportional to the rate of plasma B increase. A rate of at least 1.3 pg/dL/min (37.5 mol/L/min) is necessary for rapid inhibition in male rats under surgical stress (I I). Higher levels (4-6 pg/dL/min; 115.4-173.2 mol/L/min) are necessary in females, presumedly bccause of a higher proportion of bound B compared with males (1 1, 15). In our study, a rate of B increase equivalent to 2.4 pg/dL/ min (69.3 mol/L/min) was sufficient to cause immediate ACTH inhibition to basal levels in the adult animals. The 25-d-old animal also has ACTH suppression as B rises at a rate of 1.2 pg/ dL/min (34.6 mol/L/min). Unlike the adult, which has a rapid B rise during the first 15 rnin after ether exposure, the 25-d-old animal's B rise occurs between 15 and 30 min due to the delayed adrenal rcsponse. Although the rate of B increase is very close to the rate that has been shown to suppress ACTH secretion in the adult, it is evident that the 25-d-old animal has a slower decline of ACTH levels compared with the mature animal.
Is the delayed response of the adrcnal partially responsible for GLUCOCORTICOID FEEDBACK AND DEVELOPMENT the sustained ACTH levels and the delay of its dccline? T o clarify the role of the adrenal on the slow decline of ACTH levels in the weanling animal, F was administered at the onset of the ether challenge. F was the chosen glucocorticoid for several reasons. F levels achieved arc readily measurable, yet F allows for the assessment of adrenal response independent of its administration. In addition, unlike synthetic glucocorticoids, such as dexamethasone, F feedback effects arc not limited to pituitary and hypothalamic areas because it can occupy both M R and G R in limbic areas of the brain, which appear to be important for feedback mechanisms ( 1 1). In response to F administration, the 25-d-old animals had a brisk and rapid F increase in blood, whereas the adult animals had a seemingly modest increase. Both groups of animals were given equivalent F doses (0.06 mg/kg body weight). Differences in blood volume, body composition, absorption from the peritoneum, or a combination of these may explain the differences between the two age groups. In spite of the modest F increase observed in the adult, suppression of ACTH release in response to ether is effectively achieved within 15 min. In contrast, a 2-fold increasc in responsive to the relatively low ACTH levels. Moreover, the adrenal cortex responds to the same peak as it did to the much higher levels of ACTH resulting from ether exposure. This is reminiscent of the 18-d-old animal response in which low ACTH release is coupled with a robust adrenocortical response and underscores that the immature adrenal behaves uniquely in the weanling animal. However, although the 25-d-old animal responded to ether with a prolonged B response lasting 60 min, the same animal exhibited a much shorter B response ( I 5 min) after the inhibition by F. We conclude that ACTH suppression is achieved in the weanling animal after glucocorticoid administration. However, compared with the adult, the 25-d-old animal's ACTH suppression may require a greater rate of increase and a longer time frame of glucocorticoid exposure. The development of a competent and fully functional LHPA axis surpasses the initial silent period described as the SHRP. Although the animal acquires the ability to activate a strcss response before the weaning period, the adrenal response is far from perfect, both in the immediate response and in the magnitude of the response. The immediate response is slow, and although the total amount of B released by the 25-d-old rat in response to ether vapor seems equivalent to the amount released by the adult, the 25-d-old is not achieving the proper rate of increase. We propose that intrinsic developmental factors unique to the maturation of the adrenal contribute to a less ellicient fast feedback mechanism in the 25-d-old animal. In addition, the supraadrenal elements in the weanling animal. i.c. pituitary . hypothalamus, and/or hippocampus, d o not respond to a high rate of glucocorticoid increase. Therefore, the combination of adrenal and central elements are contributing to a "faulty" glucocorticoid turnoff. Several invcstigators have proposed that hippocampal G R and MR. brain scrotonin. and catecholaminergic neuronal pathways converging in the hypothalamus appcar to be important for the immediate inhibition of the LHPA axis. The G R and MR in the developing animal, and in particular in the 25-d-old animal, are comparable to those in the adult animal both in afinitv and number (42, 43 , and unpublished observations). Therefore, it is unlikely that hippocampal G R and MR are responsible for the phenomena observed. However, serotonin and catecholaminergic circuits emerging from the hippocampus and proceeding to the hypothalamus are at the height of thcir development in the weanling animal. It seems possible that neuronal factors may be strongly contributing to a sluggish ACTH inhibition. Further studies are needed to clarify which neuronal factors correlate best with the establishment of a proper fast feedback response and to what extent they are independent of the appearance of a normal adrenal activation response.
